Surface passive seismic is a direct hydrocarbon saturation indicator technique. It detects the presence of subsurface hydrocarbons by recording and spectroscopically analyzing the lowfrequency acoustic/seismic background noise (between 0.5 10 Hz) which is actively emitted by the earth. The measurements after filtering and analysis can be calibrated with well data and integrated with other geophysical data to provide information which can lower the uncertainty level for drilling and field development decisions. Measurements were carried out in Kuwait to evaluate their suitability to map the extent of hydrocarbon occurrences. The main concern being the suitability of the technology to differentiate between various reservoirs in stackedreservoir environment. The level of certainty in the resulting map could not be accessed as there is a possibility that some deep reservoirs have not penetrated by the wells in the area of the experiment. It was concluded that the technology (at this point) cannot indicate the distribution of the occurrence among the stacked reservoirs since the measured indicators are the summation of the response of all the underlying reservoir layers. Nevertheless, the areas with highest hydrocarbon potential indication will normally be the most interesting ones.
Introduction
Surface passive seismic measurements experiment was carried out in Kuwait. 328 surface observation points along four traverses in an area straddling three oil fields and passing through 14 wells of different hydrocarbon potential were acquired. The test survey was carried out according to a contract with OGTEC, an operating company for passive seismic. The technology applied is called Geospectra Infrasonic Passive Differential Spectroscopy "IPDS ® " developed by GeoDynamics Research Srl, a company based in Trento, Italy which has supervised, processed and interpreted the data. At well locations, a recording time of 90 minutes was applied. At all other locations a recording time of 40 minutes was applied. The objective of the surface passive seismic measurements was to test the suitability of this technology in directly detecting the presence of subsurface hydrocarbons by recording and analyzing the low-frequency acoustic/seismic background noise. The survey was carried out as a "blind test".
Theory and method
The signal source for passive seismic surveys is the ever-present background noise of the earth (earth's hum). Rhei et al (2004) concluded that the earth's hum is generated by the interaction between atmosphere, ocean and sea floor, probably through the conversion of storm energy to oceanic infragravity waves that interact with seafloor topography. This background noise is ideally suited for spectroscopy.
This background noise in an undisturbed case follows a 1/f distribution. An oil reservoir can be described as a multifluid system in porous material. In a very low frequency spectral window (0.5 -8 Hz) such system has a non linear transfer function and is able to convert the higher frequency part of this noise into lower frequency components, which leads to a deformation of the earth noise. Thus, seismic waves originating from the background noise of the earth are modified in a different way when they penetrate geological structures containing hydrocarbons compared with interaction with similar structures not containing hydrocarbons Holzner et al (2005) .
The spectral power of that deformation (characteristic spectral lines) is utilized as an indicator for the presence of hydrocarbons. Since the nature of the signal is chaotic and also the signalto-noise ratio is very low as the signal is embedded in environmental noise, very long time recording per station is essential.
The spectral power of a certain number of spectral lines in the interval 1 to 6 Hertz is used to create a relative hydrocarbon indicator for the subsurface hydrocarbon potential.
The survey was carried out with high sensitivity seismometers which were arranged in a quadruple per station with a distance of 300 meters between two opposite seismometer, connected with the recording station by cable, Fig. 1 . Station spacing was about 800m. The seismometers were placed in 60 cm deep pits and covered to reduce surface noise as success in surface measurements appears to be highly dependent on the signal-to-noise ratio. 
Filtering
The raw signal recorded is strongly dependent on environmental noise and on stochastic variation of the earth noise spectra. For this reason the raw signals have to be filtered before and after transformation in the frequency domain. Various enhancing techniques in both the time and frequency domains are applied in order to improve the signal-to-noise ratio.
Different kind of filters are tested. The selection of the filter to be used is mostly a process of iteration and comparing with existing data. The filtered signals are then spectroscopically analyzed. Hydrocarbon reservoirs produce a unique spectral signature which is used as a direct hydrocarbon indicator.
Data evaluation was based on the selection of 3 characteristic spectral lines from the interval 1 to 6 Hertz. Figure 2 shows the typical appearance of such spectral lines. Figure 3 shows the relative strength of the spectra of the spectral lines at two different locations. 
Results
The initial result from the blind test survey is shown in figure 4 . Based only on the surface passive seismic along four traverses, the results showed that the surveyed area could contain three main hydrocarbon bearing structural bodies and three structurally low relief areas. These structures are heavily affected by hydrocarbon barriers, possibly affected by faults (sealed or partially sealed). The map indicates that 10 wells have hydrocarbon potential and 4 wells have low hydrocarbon bearing. These results are not backed by any other geological or geophysical information as the survey was carried out as a "blind test". The level of certainty in the resulting map could not be accessed as there is a possibility that some deep reservoirs have not been penetrated by the wells in the area of the experiment. In addition, the current understanding of the area of the experiment suffers from uncertainties which prevent from objective evaluation of the results.
Conclusion
Measurements were carried out in Kuwait to evaluate the suitability of passive surface seismic to map the extent of hydrocarbon occurrences. The main concern being the suitability of the technology to differentiate between various reservoirs in stacked-reservoir environment. The level of certainty in the results could not be accessed as there is a possibility that some deep reservoirs have not been penetrated by the wells in the area of the experiment. It was concluded that the technology (at this point) cannot indicate the distribution of the occurrence among the stacked reservoirs since the measured indicators are the summation of the response of all the underlying reservoir layers. Although the areas with highest hydrocarbon potential indication will normally be the most interesting ones, the technique (at this point) has not be proven to meat KOC requirements in a stacked-reservoir environment. Probably, integrating the results with all available geological and geophysical data and the development of techniques to rank the vertically stacked reservoirs could result in making surface passive seismic more useful in Kuwait. This is still have to be proven. 
